2 MW TRIGA. The plan to modify TRIGA 2000 Bandung from using regular TRIGA fuel to platetype fuel should be supported by the use of appropriate computer codes. This research proposes three codes to design reactor thermohydraulics at transient condition. Analysis has been performed to identify code sensitivity using the same input and correlation. The codes used were COOLOD-N2, Heathyd, and PARET-ANL. The input was obtained from preliminary analysis of a flow rate calculation of 70 kg/s and a nominal power of 2 MW. The comparison of these three codes did not consider uncertainty factor for neutronic and technical aspects. The sensitivity analysis on thermohydraulic codes used to calculate heat transfer in the fuel plate of TRIGA reactor at steady state condition indicates similar temperature trend lines for the coolant, plate, and fuel meat. Temperature calculation results obtained from COOLOD-N2, Heathyd and PARET ANL give consistent sensitivity with the differences of coolant temperature from 2.83% to 12.5%; cladding temperature from 2.14% to 31.30%; and fuel meat temperature from 6.63% to 18.64%. The margins of flow instability were 5.03; 5.68 and 4.21, respectively for COOLOD-N2, Heathyd, and PARET-ANL. These values show that flow instability has not yet occurred. The results of the analysis show that the use of those three codes for steady state condition using the same input, in which uncertainty factor is neglected, give similar trend for coolant, cladding, and fuel meat temperature. As the modelling in each code is different, the values obtained are not exactly the same.
INTRODUCTION
In order to extend the reactor life time, Bandung TRIGA reactor is now being modified. The modification is applied to the reactor fuel type without the change in the reactor nominal power, i.e. 2 MW. The change in fuel type from UZrH cylindrical type to U 3 Si 2 /Al fuel plate with low enrichment of 2.96 gU/cm 3 will alter cooling mode from natural to forced convection. The cooling mode in the plate fuelled TRIGA occurs in forced convection with downward flow. Meanwhile, natural convection cooling mode takes place when loss of flow accident (LOFA) occurs or when reactor physic experiments are carried out. The reactor core is designed to have 5×5 lattice with grid geometry of 81 mm × 77.1 mm, consisting of 16 assemblies of fuel plate, 4 control elements, and 5 irradiation positions [1] . This new core configuration does not change the core geometry initially filled with rod-type fuel. Several independent researcher have been performed in order to design fuel plate TRIGA. Prasetyo et al. (2014) conducted a preliminary analysis on neutronic aspect of the modified TRIGA using Monte Carlo code (MCNP) [2] . Anwar et al. (2017) compared the preliminary calculation results of coolant flow rate in the MTR fuel type using computational fluid dynamic (CFD) code [3] . Subekti et al. also conducted modeling and analysis of the RSG GAS fuel temperature profile using CFD [4] . Sujatmi et al. (2015) carried out preliminary analysis on natural convection mode using COOLOD-N2 [5] . In addition, Hastuti EP also conducted an analysis of primary and secondary cooling system at high power reactor design [6] . Hastuti EP et al. (2017) performed an analysis on flow rate distribution using Caudvap [7] .
There are several calculation codes that can be employed in designing fuel plate TRIGA thermohydraulic. Therefore, sensitivity analysis on these codes should be carried out first through benchmarking process, i. [12] . From the analysis carried out above, there has not been seen a sensitivity assessment of the steady state thermohydrolics program, which is used to analyze forced convection heat transfer modes in the modified TRIGA plate reactor design. Therefore in this study a comparative analysis of selected codes using the same input and the selection of the same correlation were carried out. The analysis results obtained from these codes will provide confidence on the applicability and sensitivity of the codes used to design the thermohydraulic of modified fuel TRIGA reactor core. Figure 1 and the main reactor and fuel data are shown in Table 1 . Table 2 . Table 2 . Thermal hydraulic computer codes for steady state analysis [5, [11] [12] .
No.
Computer codes Technical analysis Scope
COOLOD-N2
The COOLOD-N2 is developed based on the COOLOD-N code and provides a capability for the analysis of the steadystate thermalhydraulics of research reactors. The COOLOD-N2 is applicable for research reactors in which platetype fuel, and rodtype (pin-type) fuel are adopted.
Calculating the coolant temperature, and fuel cladding both on condition of forced convection neither on natural convection, calculating ONB temperature, the heat flux at onset of flow instability (for plate-type fuel only) as well as DNB heat flux
Heathyd
Heathyd is a code for the steadystate heat transfer calculation of research nuclear reactors with forced convection. The correlations used by the three codes, are selected in accordance with the calculation to be solved. To obtain the test results of the codes, the same correlation should be selected first, as shown in Table  3 . 
where:
Re'< 32.5 The reactor safety margin is designed to meet the safety in depth, i.e. to protect workers and public from radiation releases, which are contained by fuel cladding, by determining the maximum temperature allowed. The safety margin is needed to provide limitations on several operation condition, such as normal operation condition, in case the reactor power is inadvertently beyond and exceed its normal power. In addition, it is set to anticipate loss of flow accident. In other words, the safety margin is required for an unexpected accident that decreases the performance of heat transfer and should be anticipated. In the research reactor fuel assembly where the fuel gap is very narrow, onset of flow instability ratio (OFIR) caused by onset of nucleate boiling (ONB) should be avoided. Departure from nucleate boiling (DNBR) has also to be avoided. It occurs due to too high heat flux that cannot be lowered by the gap coolant flow and can cause dry out posing risk to the first fuel barrier, fuel cladding. The inlet temperature and coolant flow rate are factors that influence the safety margin. This safety margin include the onset of nucleate boiling (ONB), which should be ≥ 0 o C, no OFIR, and DNBR ≥ 1.5.
RESULTS AND DISCUSSION
Uncertainty factor contributes significant impact to power peaking factor, which then raise the reactor safety margin. The safety margin is used to have flexibility required for the reactor operation. It is not easy to determine and apply the uncertainty factor. Large safety margin will limit the reactor operation. Experience in the reactor safety analysis can help to determine the precise uncertainty factor. In the sensitivity analysis of the codes, the uncertainty factor used is 1 or, in other words, the uncertainty factor is not considered in the calculation of axial and radial power peaking factor. The uncertainty factor = 1 is applied to the three codes benchmarked Axial power peaking factor used is the height of the control rod when the core reaches its criticality. The distribution of axial power peaking factor when the control rod at 42 cm high is shown in Figure 2 . The axial peak power distribution does not consider calculation uncertainty or it reflects the plain values. Similarly, the distribution of radial power peaking factor does not take into account the position and calculation uncertainty factor. It assumes that flux generation in the core is homogeneous. The average axial power peaking factor is 0.9831, while the highest axial power peaking factor is 1.699 when the control rod at 42 cm high above the upper core. Table 3 Heat removal from the cladding to coolant occurs downward by forced convection with turbulent flow, Nu number for single phase downward turbulent (Re≥2500) and Dittus Boelter correlation. Figure 3 depicts the profile of coolant temperature distribution. COOLOD-N2 and Heathyd and PARET-ANL give outlet coolant temperature difference of 2.83% up to 12.5%, the significant difference comes from PARET-ANL. In the modelling of PARET-ANL code, coolant flow rate is not only for transferring heat from the fuel, but also to cool all components on the reactor core, so the possibility of cooling through fuel is not exactly the same as compared to the other two programs. The profile of cladding temperature distribution is shown in Figure 4 . The trend line of produced by the three codes gives similar results, especially for temperature at the areas with distribution of axial high power peaking factor. For PARET-ANL, the model of heat transfer calculation is divided into 7 lateral nodes. Heat transfer from fuel meat to cladding considers steady state condition, in which the cladding temperature still has no reached its saturation. The cladding temperature difference for the three codes are 2.14% up to 31.30%, Heathyd give smallest deviation in the maximum axial peaking factor, this is because heathyd modeling is more concentrated in heat transfer in just one fuel. Even though they generate similar trend line, PARET-ANL gives a more conservative calculation result. At the initial calculation, the fuel meat temperature distribution produced by COOLOD-N2, Heathyd, and PARET-ANL is consistent with the trend line of cladding temperature distribution, since there is no distance between fuel meat and fuel cladding and their steady heat transfer makes no temperature difference. Meanwhile, for axial direction, heat transfer occurs in line with the distribution function of axial peak power and the distance/length of fuel meat. The fuel meat temperature difference calculated by COOLOD-N2, Heathyd and PARET-ANL are 6.63% up to 18.64%.
The coolant flow rate is relatively low 0.93 to 0.96 m/s with 3.1% difference, which is still below 10% indicating similarity. The safety margin analysis on flow instability for COOLOD-N2, Heathyd and PARET-ANL, each are, 5.03, 5.68 and 4.21, respectively. This shows that there is no flow instability in the sensitivity of TRIGA Plate analysis. Heathyd computer code provides detail thermohydraulic calculation results for each channel and fuel plate in a fuel element assembly, containing 21 plates and 20 coolant channel. The heat transfer calculation in Heathyd follows the axial power peaking distribution profile. The 11 th plate in the fuel element assembly has exactly the same fuel meat and cladding temperature profile, whereas the edge plate, i.e. the 18 th plate (from left to right), gives temperature profile with the same value. The configuration of fuel plate is shown in Figure  6 , while the temperature profile of the central and edge fuel plate is shown in Figure 7 . Based on the above analysis results, it is apparent that the use of thermohydraulic calculation codes at steady state condition with the same input, where uncertainty factor is neglected, produces similar trend lines of coolant, cladding, and fuel meat temperatures. Different modelling of thermohydraulic calculation at each code gives different output values. Each code used to calculation heat transfer in the MTR fuel type has its own sensitivity. Heathyd gives calculation results of coolant, cladding, and fuel meat temperature as well as safety margin at each channel and plate in a fuel Table  4 provides the thermohydraulic parameters comparison with those of RSG GAS. The thermohydraulic parameter and safety margin of RSG GAS in Table 4 has considered the uncertainty factor. The lower the Δ Temperature, indicating the adequacy of the coolant. likewise the greater the safety margin indicates the reactor is more safe. Comparing to the results of the RSG GAS calculation which has used the uncertainty factor, the value generated from the calculation of the sensitivity analysis of the three codes is fulfilled 
